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ABSTRACT

Author: Diatta, Aminata MS
Institution: Purdue University
Degree Received: May 2018
Title: Using Corn Zein to Improve the Quality of Gluten-Free Bread
Committee Chair: Bruce R. Hamaker
Cereals are the most highly produced crops in the world and their storage proteins account for
up to 50% of the total protein necessary for the nutrition of humans. As the number of people with
celiac disease grows and diagnosis of the disease is improved, the development of high quality
gluten-free foods is very important. Zein, the prolamin of maize (Zea mays L.) is used in this study
in combination with starches to replace some of the functionality of wheat gluten. Zein can be
made viscoelastic when it is freed and separated from protein bodies, and when it is moistened
above its glass transition temperature and shear is applied. This is due to the fact that, during the
mixing of the dough, zein fibers are produced that have some similarity in appearance to wheat
glutenin fibers.
The objective of this study was to use corn zein, as a viscoelastic protein, to make better
quality gluten-free bread; i.e., to add chewiness and cohesiveness to the bread crumb, and to
maintain integrity when sliced and used in a sandwich containing high moisture components. The
general study design centered around variations of three different types of breads made each in
four replicates: wheat as the control, gluten-free without zein, and gluten-free with zein. The
ingredients, except yeast, were weighed and moistened, and placed in closed containers and kept
overnight in a 35 °C temperature-controlled room, which is above the glass transition temperature
of the zein (28°C). Different percentages of corn zein were used (4%, 6%, 8% and 10%). Also,
different formulations were used by removing the sodium caseinate or by using whey protein and

xv
water instead of milk and eggs to understand how zein acts related to the quality of the breads
(Tables 4 and 5). A Texture Analyzer was used to determine textural parameters of the bread crumb
structure (hardness, gumminess, springiness and chewiness) after baking and cooling of the breads
and also after exposure to moisture (by placing a moistened cotton round between two slices of
bread).
Overall, the addition of zein to gluten-free bread formulations trended to a firmer bread,
though was not matched to the control wheat bread. The addition of 4% and 6% zein to the dough
formulation gave breads with hardness close to the hardness of wheat bread. Gluten-free bread
without zein, as well as gluten-free with 8% and 10% zein, were less hard than wheat bread.
Gluten-free breads were less chewy than wheat bread. Among the gluten-free breads (with or
without zein), the ones with 4% and 6% zein were chewier but the difference was not significant.
When a moistened cotton round (15 ml of water added) was placed between two slices of bread
and kept there for 10 minutes, the wheat bread was firmer than the gluten-free bread with zein
which was firmer than the gluten-free without zein. The study findings suggest that corn zein
somewhat ameliorates the quality of gluten-free bread when the conditions are met to make the
zeins participate to form a viscoelastic network in the dough and bread structure.

1

CHAPTER 1.

LITERATURE REVIEW

1.1

Introduction

Cereals are important crops in human nutrition because of their nutritional quality as energy
providing components of the diet, and they also have important functional properties in food
processing (Shewry and Halford 2001). Cereals are consumed in different ways, but bread is
unique because it is consumed everywhere in the world, and this has been so for over 4000 years
(Eliason and Larsson 1993; Gellynck et al. 2009). Bread products vary widely around the world,
as well as their techniques of production. However, breads are mainly made of four basic
ingredients: wheat flour, water, yeast, and salt (Dewettinck 2008). Wheat flour is principally used
in breadmaking because of the important role that its protein fraction gluten plays during dough
making. Gluten gives cohesiveness to the dough and promotes CO2 retention during dough
fermentation (Martínez and Gómez 2017).
Due to a variety of reasons, an increasing number of consumers (20% in the United States)
seek gluten-free products. It is estimated that 65% of consumers believe that gluten-free products
are healthy and 27% believe that those products can help them lose weight; meanwhile, only 11%
consume gluten-free product because of health reasons (Witczak et al 2016). Celiac disease is a
hereditary autoimmune disease. People with celiac disease are sensitive to gluten, which adversely
affects their small intestine and causes an inflammation and malabsorption of the nutrient content
in the food. Therefore, a lifelong diet of gluten-free products (not containing wheat, rye and barley)
is vital for them (Capriles and Arêas 2013).
The increasing number of people intolerant to gluten or with celiac disease has caused an
increase in demand for gluten-free products, along with rising efforts to ameliorate the quality of
gluten-free breads in the market (Martínez and Gómez 2017). Gluten-free products are made of
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gluten-free cereals like rice, corn, teff, millet, sorghum, amaranth, quinoa and buckwheat. Rice
flour is the most used because of its white color and neutral taste. It also has a low sodium content,
is not allergenic and is easy to digest (Gallagher 2009).
Wheat (Triticum aestivum) is the most important cereal in traditional bread making,
because when wheat flour is mixed with water it forms an elastic dough that entraps air and
increases loaf volume during baking (Pomeranz 1991). Gluten is key to this process because it
makes the dough elastic, extensible and resistant to stretching and mixing. Gluten is a protein
composed of gliadin and glutenin. Gliadin makes wheat flour viscous upon hydration, while
glutenin is responsible for the elasticity of the dough. Glutenin is composed of high molecular
weight subunits and low molecular weight subunits. When wheat flour is hydrated, mainly the high
molecular weight glutenins form a network of ß sheet structure that will extend and trap the carbon
dioxide bubbles produced from the fermentation of yeast. These ß sheets are responsible for the
viscoelastic character of wheat dough and will also stabilize the dough during mixing and proofing
(Mejia et al. 2012). Making gluten-free bread is challenging due to the lack of gluten in glutenfree cereals. Good quality gluten-free breads are scarce in the market, creating an opportunity for
their continued improvement (Gallagher et al. 2003). Typically, wheat flour used in bread making
is replaced by different combinations of non-wheat flours (rice, corn, millet, sorghum, flaxseed,
etc.) and starches from gluten-free cereals or tubers (rice, corn, potato, tapioca, millet, sorghum,
etc.) (Witczak et al. 2016). According to the US Food and Drug Administration and European
Food Safety Authority, gluten-free products can contain up to 20 mg of gluten per kilogram of
flour, and therefore in some countries wheat starch can be used to make gluten-free products. Also,
hydrocolloids, dairy proteins, egg proteins, emulsifiers and other ingredients can be added to yield
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dough with a viscoelasticity similar to wheat dough that will give products with improved structure
and shelf life (Pomeranz 1991).
It is believed that maize (Zea mays L.), also referred to as corn, originated in central Mexico
7000 years ago from a wild grass (Ranum et al. 2014). Maize is the only cereal crop indigenous to
the Americas and it is the most cultivated cereal in the world, with 1,026.5 million tons produced
2016 according to the Food and Agriculture Organization of the United Nations (FAO, June 2016).
Also, maize has the widest range of uses out of all cereals (food for humans, for animals and used
in industries). Maize products are made from the endosperm of the grain and the functionality of
these products depends on the properties of the endosperm, which can be modified during
processing for better use (Mejía D. 2003). The utilization of corn products (i.e. starch, zein) in
gluten-free breads can increase the marketability of corn and the use of corn products as food
ingredients for human consumption. One such product is zein, which is the prolamin protein
present in the endosperm of maize. It is produced from corn gluten meal and has limitations to its
functionality that can be overcome to some extent. Zein is functional and viscoelastic when it is
above its glass transition temperature, which is 28oC, and when shear is applied. Zein is composed
of a mixture of different polypeptides, α-, ß-, γ- and δ-zeins. α-Zein is the most abundant and
represents 80% of the total zein (Shukla and Cheryan, 2001).
The following sections provide information on the viscoelasticity of wheat and corn
proteins and on factors to consider for development of good quality gluten-free breads.

4
1.2

Viscoelasticity of wheat protein

Figure 1. Components of wheat protein (Belitz et al. 1986)

Understanding the functionality of wheat protein is vital for knowing how wheat breads are
made and therefore how to build upon this knowledge to develop gluten-free breads. Wheat flour
is mainly comprised of 70% starch and 12% protein. The soluble proteins, albumin and globulin,
(Figure 1) do not contribute to the dough forming process (Fennema et al. 2008). When water is
added to wheat flour and kneaded, a water insoluble protein complex, gluten, is formed into a
viscoelastic protein matrix (Wang et al. 2017). Compositionally, gluten has a low content of lysine
(Lys), arginine (Arg), and aspartate (Asp) and a high amount of glutamine (Glu) ~ 35% (Fennema
et al. 2008). It is insoluble in water because it has a relatively high amount of hydrophobic amino
acids like leucine and many of the proteins are disulfide bound into macropolymers that are too
big to go into solution. Gluten is the main structure-forming protein of wheat flour, as it forms the
elastic framework characteristic of wheat dough and it is also responsible for the appearance of the
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bread crumb (Hamaker 2008). Due to its elasticity, the gluten network entraps the gas produced
through the fermentation of yeast. This results in the dough rising in volume and in the
development of a desirable bread crumb (Igoe 2011). The proteins spread very quickly and form
the matrix of the dough, while the starch forms the filler particles. If sufficiently hydrated, at room
temperature starch granules can absorb up to 50% of their dry weight of water and swell
considerably. During baking, when the temperature is higher than the gelatinization temperature,
swollen starch granules lose their birefringence and undergo irreversible changes (Wang et al.
2017).
Gluten is composed of two protein fractions: gliadin and glutenin (figure 2). The prolamin
or gliadin is nonpolar, while the glutenin is polar. In the gluten network, the glutenin proteins form
rubbery polymers that strongly resist extension and gliadin proteins form aggregates that do not
resist extension. Therefore, the elastic behavior of gluten in dough is from the glutenin while the
viscous property is from the gliadin. The dough is extensible, resistant to stretch, and capable of
retaining gas and tolerant to mixing, because of the presence of the gluten matrix (Gallagher et al.
2004). Gliadins and glutenins aggregate via non-covalent bonds, such as hydrogen bonds, ionic
bonds and hydrophobic bonds, to form gluten, which determines the structural and physical
properties of dough (Wieser 2007). Gluten is a very important and unique protein in the baking
industry because of its particular and specific properties. Wheat gluten has a net positive charge
and a low level of polarity (10%) of total amino acid structure, while other food proteins have a
net negative charge and polar group level of 30 to 45%. Therefore, wheat gluten molecules are
closely associated in a dough, enabling them to repulse excess water and be resistant to dispersion.
This is why gluten molecules can form adhesive and cohesive films or masses as well as three
dimensional networks in baked goods. All these factors show that gluten can impart strength, gas
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retention, structure, and water absorption in dough (Igoe, 2011). Understanding the complexity of
gluten is imperative in order to produce good quality wheat bread and to choose the right
ingredients to replace the gluten and mimic gluten functionality in gluten-free breads.

Figure 2. Gluten components
1.2.1

Gliadin

Gliadin is composed of four groups: α-, β-, γ-, and ω-gliadins. Containing even numbers
of cysteine residues, gliadins are single polypeptides with molecular weights ranging between
30,000 to 80,000 Da. The cysteine residues form intramolecular disulfide bonds; they do not react
with other proteins via sulfhydryl-disulfide interchange reactions. Gliadins give the dough its
viscous characteristic because the disulfides bonds are intramolecular (Fennema et al. 2008).
Gliadin has a low molecular weight and confers extensibility to wheat dough (Igoe, 2011). It
becomes a viscous, fluid mass upon hydration (Hamaker 2008).
1.2.2

Glutenin

Glutenins are classified as low molecular weight (MW < 90,000, LMWG) and high
molecular weight (MW > 90,000, HMWG). They are heterogeneous polypeptides with molecular
weights of 12,000 to 130,000 Da (Fennema et al. 2008). Glutenins are constituted by a complex
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of disulfide-bonded subunits. They contribute to the elasticity of wheat dough (Igoe 2011). When
fully hydrated, glutenin is a rough and rubbery mass (Hamaker 2008). This is due to the fact that
glutenin can polymerize extensively via sulfhydryl-disulfide interchange reactions (Fennema et al.
2008). The content of prolamins and glutelins in wheat gluten are generally the same and equal
50% each.
1.2.3 Baking of wheat bread
During baking, at first yeast cells become very active producing more CO2 and making the
bread quickly rise in volume. When the temperature inside the bread reaches 140°F (60°C), the
yeast cells die and the viscosity of the dough decreases. Then the proteins coagulate (permanent
disulfide bonding), giving the final shape of the bread. When the temperature reaches 160°F / 71°C,
there is a rapid loss of CO2. When the temperature reaches ~93°C, gluten will coagulate and starch
gelatinization will occur. Starch granules have imbibed water during the mixing step and thus swell
very little. However, during the baking process, imbibed starch granules will swell and the
molecular order within the granules will be disrupted. Gelatinization will occur in the crumb of
the bread, and the crust, as it is in more contact with heat, will dry out faster. Therefore, the
gelatinization of starch granules will give the bread volume and crumb texture, and starch will give
body and bulk to the bread. The addition of sugar in the recipe formulation will increase the
gelatinization temperature of the starch (Eliasson and Larsson 1994). In the crust, reducing sugars
(glucose, fructose, lactose) and proteins undergo a nonenzymatic reaction, the Maillard browning
reaction, giving brown color to the crust. Another browning reaction that could be occurring is the
caramelization of sucrose (a non-reducing sugar). The Maillard reaction will also produce volatile
compounds during the baking process (Fennema et al. 2008). The flavor of the bread primarily
comes from the crust and is a highly appreciated sensorial attribute. During baking, the heat
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progresses from the surface to the center of the bread. If the temperature is too low, the dough will
expand to its maximum volume before the gluten and starches are set into a structure that will hold
its shape; this will make the dough collapse. If the temperature is too high, the crust will form too
quickly with solidification of the protein and starch and this will prevent the dough from expanding
to its maximum; it can also burn the bread. When cooked, the bread should be removed from the
oven and cooled inside the pan for 10 min, and then placed on a rack and cooled for 1 hour. During
this step, solidified starch remains permeable to gases and this marks the beginning of bread staling
(Cauvain and Young 2006).

1.3

Viscoelasticity of maize protein

Table 1. Distribution of protein fractions in corn (% dry basis) (Shukla and Cheryan 2001)
Protein

Solubility

Whole kernel

Endosperm

Germ

Albumins

Water

8

4

30

Globulins

Salt

9

4

30

Glutelin

Alkali

40

39

25

Zein

Alcohol

39

47

5

Maize kernel proteins contain 3% albumins, 3% globulins, 60% prolamins (also named
zein), and 34% glutelins. Zein is extracted from corn or corn gluten meal in aqueous alcohol
solutions because zein is soluble in alcohol as shown in Table 1 (Huang et al. 2004). Zein is subclassified into α-, β-, γ-, and δ-zeins, each with distinct amino acid composition and structural
properties. These sub-classes were obtained by analyzing zein extracts with starch gel
electrophoresis. The α-zein represents 80% of the total prolamins and it is soluble in 95% ethanol
(Shukla and Cheryan, 2001). As the major storage protein of corn, zein is encapsulated in protein
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bodies in the endosperm of maize and it is a mixture of different peptides (Shukla and Cheryan,
2001). Therefore, when maize flour is mixed with water, it does not form a dough because the
maize protein, zein, is not available to interact with other protein in the dough system to form a
viscoelastic network that entraps gas during dough formation.

Figure 3. Nutrilite process for production of Zein from corn gluten meal
(Shukla and Cheryan 2001) Adapted from Carter and Reck (1970)
The long process of zein extraction (Figure 3) explains its high cost, which ultimately limits
the use of zein. It is thus necessary to develop low-cost manufacturing methods to reduce the high
cost (Shukla and Cheryan 2001). Another limitation of zein is its deficiency in key amino acids,
mostly lysine, tryptophan, and methionine. Fortunately, zein is rich in glutamine, proline, alanine,
and leucine (Huang et al 2004). Zein is insoluble in water at room temperature, so it cannot form
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a viscoelastic network to entrap gas formed during the fermentation of yeast. Dough made with
gluten-free flours is neither strong nor cohesive or viscoelastic, so it cannot be used to make light,
aerated breads that have a chewy crumb, unless the zein is made functional (Bugusu et al. 2001).
Overall, as shown in Table 2, corn zein is the most hydrophobic among the prolamins of the cereals.
For this reason, zein is insoluble in water and therefore is extracted with aqueous alcohol (a nonpolar solvent). The high hydrophobicity of corn zein (Table 2) presumably leads to its comparably
high glass transition temperature (Lawton 1992), which explains the fact that when corn flour is
mixed with water at room temperature, it forms a batter instead of a strong dough like in the case
of wheat flour. To make pure zein functional to use in gluten-free dough, it necessitates being kept
at a temperature of 35oC, which is above its glass transition temperature (~28oC) when hydrated.
When shear is applied, the functional corn zein gains ß-sheet structure (Mejia et al. 2012). Then,
the pure zein becomes viscoelastic and can be used with non-gluten flour and starch to make
gluten-free bread (Bugusu et al. 2001. However, the functionalized corn zein will quickly lose the
ß-sheet structure, if the shear is no longer applied (Mejia et al 2012).

Table 2. Average hydrophobicities (cal/mol) of the
prolamins and glutelins from different cereals,
calculated from the amino acid compositions
(Mandler 2001)
Cereals
Wheat
Rye
Barley
Oat
Rice
Sorghum
Maize

Prolamins
1,047
1,032
1,207
1,066
1,114
1,165
1,263

Glutelins
955
994
1,084
983
1,039
1,073
1,149
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1.4

Gluten-free formulation

The developing of a formulation of a recipe for gluten-free bread is challenging because of
the absence of gluten, which, as described above, is vital for the formation of a strong and stable
dough structure to produce good quality breads. Making bread with non-gluten cereal flours and
starches will yield a watery batter instead of a dough and can result in an end product (bread) with
poor mouthfeel and flavor. This can be mitigated with the use of a gel-forming hydrocolloid to
replace gluten. Overall, approaches in gluten-free formulations to find alternatives to gluten
include making combinations of non-gluten proteins, non-gluten starches, dairy products, gums
and hydrocolloids. Since a scarce amount of gluten is still present in starch, the legislation in the
United States and in Canada has ordered the use of non-gluten starches in gluten-free diet, contrary
to the United Kingdom (Gallagher et al. 2004). Rice flour is often used in gluten-free baking, but,
because its proteins have limited functional properties, it is used with ingredients that will provide
texture and structure-forming properties to the dough (Witczak et al. 2016).

1.5

Effect of dairy and eggs

Dairy products are highly functional and nutritious ingredients that are extensively used as
food ingredients and as gluten replacers in the baking industry. The proteins can swell and form
networks similar to those formed by gluten, as they coagulate and contribute to bread structure.
They can be used to make gluten-free products to enhance appearance, flavor and texture. However,
they do not replace gluten in terms of producing chewy texture bread crumb, nor internal protein
structures that resist water to provide integrity to the bread structure. Milk protein are highly
functional ingredients. They swell and they can build up a network. Using them in gluten-free
breadmaking can be beneficial. Whey protein concentrate can form gels (Krupa-Kozak et al. 2013).
On the undesirable side, lactose from the dairy products can contribute to Maillard browning to
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give flavor and brown color to bread (Gallagher et al. 2004). The addition of dairy protein in the
formulation of gluten-free breads was shown to retard the retrogradation of the starch and increase
the shelf life of the breads that was related to the formation of a continuous protein phase (Anton
and Artfield 2009).
Regarding egg as a gluten-free product ingredient, its white can improve loaf volume
(Witczak et al 2016). Egg white beaten during the mixing of the dough can be used as a leavening
agent, since it incorporates and hold large amounts of air in the dough because of its foaming
properties. Egg yolk brings color, flavor, fats and proteins to the product. The albumins in the
whole egg become denatured during preparation and stabilize the other ingredients which form a
dough with an aerated and stable structure. The stability of the dough is important, because it
determines the final shape and volume of the dough and the crumb structure (Gallagher 2009). The
egg yolk acts as an emulsifier during the mixing of the dough and improves the stability of the
dough, which is a foam-type structure. The air contained in the air bubbles formed during the
beating of the egg white will expand as the temperature increases inside the bread. This gives a
lighter crumb structure (Igoe 2011). Also, whole liquid egg, which contains around 75% water,
add moisture during dough mixing, conferring a soft bread with a firm crumb. The starch
gelatinizes later on making the bread softer. Egg proteins have also been shown to contribute to
the physical strength of the bread crumb (Nunes et al. 2009). Dairy products and the eggs
contribute to loaf height, though the top of the breads need to be improved to a better dome shape.

1.6

Effect of starches

Starch is a basic storage polymer in many plants. It is a carbohydrate composed of glucose
units arranged as molecules of amylose and amylopectin connected by hydrogen bonds. Starches
are produced from different sources (e.g., corn, potato, rice, wheat) and the composition of each
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type of starch depends on its source (Witczak et al. 2016). Wheat starch cannot be used in glutenfree products in the United States and Canada and it should contain less than 200 ppm to be used
elsewhere (Hamaker 2008). This is so because the starch obtained in the first centrifugation still
contains between 2 to 2.5 percent of gluten (Mejía 2003). Starch is a key component of baked
products, because it improves their texture and quality. When making wheat bread, starch
gelatinizes using the moisture that is in the gluten. This strengthens the bread structure (Gallagher
2009). Starch plays an important role in gluten-free products, as it becomes the main texture and
structure-forming component in the system. The content of starch in gluten-free bread should not
exceed a certain limit, since bread with high content of starch and low content of flour may contain
several times less protein than bread that contains a comparably low content of starch and high
content of protein). So, the choice of the type and amount of starch in gluten-free formulations
should be taken into consideration to provide a high-quality product. In many gluten-free mixes,
starch is the main component, though can be corrected by the use of different flours to enrich the
product containing nutrients like protein, minerals and vitamins. Modified starch can also be used
to improve the texture of gluten-free breads and prevent staling. Research of recipes containing
optimized starch blends for high quality gluten-free products would be useful for the food industry
(Witczak et al. 2016).

1.7

Effect of other ingredients used in the formulation

Vegetable oil reduces stickiness of the dough and make the other ingredients flow easily
in the dough. In the dough, the fat molecules stay at the interface of the gas bubbles and this
stabilizes the gas bubbles, but this is usually of low effect, because of the small amount of fats
used in breadmaking (Gallagher 2009).
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Sugar is used as a binding agent. It absorbs moisture and strengthens the dough by
competing with other ingredients for water (Gallagher 2009).

1.8

Gluten-free breadmaking process

Figure 4. Different steps of the breadmaking process. Retrieved October
17, 2017 from http://www.alliedbakeries.co.uk/media/5611/baking_
process_diagram_497x360.jpg
Different types of breads found in the world are not made the same way, but differences
are small overall (Figure 4). The breadmaking process consists of four main steps:
mixing/kneading, fermentation, baking and cooling. Bread is a complex food that should be made
using proper measurements of the right ingredients and by following a series of steps to get the
perfect loaf. Gluten-free breads are made with cereal flours other than wheat, rye, and barley,
because people suffering from celiac disease are intolerant to the prolamin, gliadin, which is a
component of gluten. Rye and barley also contain minimal amounts of similar gliadin proteins,
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which can pose problems to people with celiac disease or people who are gluten intolerant. It is
technically challenging, but not impossible, to make gluten-free bread with quality that is similar
to the quality of wheat bread, because gluten is an essential structure-building protein (Deora et al.
2014). It is important to choose the right combination of ingredients that will function like gluten
in the gluten-free breads. There are many different combinations of ingredients and hydrocolloids
that have been used to make gluten-free breads. Rice flour is a common one, in part because of its
white color that will make breads more closely resemble wheat bread. Also, rice flour has a neutral
taste. Other ingredients used in the formulation of gluten-free breads are non-gluten starches (e.g.,
corn, tapioca), xanthan gum, dairy products (skim milk, sodium caseinate, whey protein), whole
eggs, vegetable oil, sugar, salt, yeast, and baking powder. A good combination is reached when
ingredients are well chosen and the processing is well handled in order to make a viscoelastic
dough that will hold gas produced during yeast fermentation. Air bubbles should be uniform and
evenly distributed and, once baked, the bread will be appealing and pleasant (Mir et al. 2016).
As for the breadmaking process itself, the ingredients are first weighed. Then, the dry
ingredients are mixed together and the wet ingredients are mixed separately. The mixture of wet
ingredients is then poured into the dry ingredients and mixed and the resulting dough is kneaded
well. Then the dough is divided equally and poured into lightly greased pans and proofed 50
minutes to 1 hour depending on the temperature and the relative humidity of the proofer and the
size of the pans. Finally, the proofed doughs are baked and cooled thereafter.

1.9

Hypothesis and objectives of current work

Wheat gluten is the only cereal protein that forms acceptable viscoelastic dough upon
hydration and mixing for breadmaking (Fevzioglu et al. 2012). With the rising demand for glutenfree products, it is necessary to supply the market with gluten-free breads that have characteristics
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similar to wheat breads. The removal of gluten from the bread formulation yields a liquid batter
rather than a dough. That batter does not resemble the elastic wheat dough that can hold carbon
dioxide during fermentation. Therefore, many gluten-free breads found on the market have a light
crust color and have a crumbly, dry, not chewy crumb (Gallagher et al 2003). Much progress has
been made to improve the quality of gluten-free breads with the use of hydrocolloids and gums,
dairy proteins, egg proteins, starches and non-gluten flours. Corn zein can also be used in glutenfree bread formulations. α-Zein, the major storage protein, must be functionalized be
functionalized to form viscoelastic dough when it is mixed with water and shear is applied (Taylor
et al. 2016). α-Zein can plausibly be functionalized to make gluten-free bread, because it can be
functionalizing by wetting it and keeping it at 35oC, which is above its glass transition temperature
(around 28oC) (Bugusu et al. 2001, Deora et al. 2014). Once functionalized, corn zein can be used
to make a viscoelastic gluten-free dough with shear application. In the absence of stress its
viscoelastic properties are rapidly lost. Commercial gluten-free mixes contain mostly
carbohydrates, and not the requisite proteins to give gluten-free breads a proper chewy crumb
texture. To correct for this, non-gluten protein needs to form a continuous protein phase, which
will lead to breads with better texture. Furthermore, improving the nutritional quality of glutenfree bread can be important, since celiac disease can sometimes cause malnutrition (Deora et al
2014) and adding protein addresses this point.
The hypothesis of the current work was that corn zein can be used to correct for current
deficiencies in gluten-free breads lack of cohesive, chewy crumb structure and integrity of sliced
gluten-free bread, particularly when exposed to water-containing sandwich ingredients (e.g.,
tomato, vinegar sauce or any liquid). The objective of the current work was to make gluten-free
bread that is chewy and holds together well when it is in contact with moisture in a sandwich.
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1.9.1

Impact of current work

The potential impact of this work is to understand and promote the incorporation of zein to
in gluten-free breads for improved quality and use by celiac and gluten-intolerant people. This
would increase the use of zein to make gluten-free products. It would supply good quality glutenfree products to better the lives of such affected people. Finally, the consumption of wheat products
increases constantly in tropical countries – mostly in urban areas, and these countries do not grow
wheat. They rely on importation, which is economically hard for their governments that use their
limited currency reserves to import wheat at expensive price. A technological advance of using
corn zein as a substitute protein to gluten in breadmaking, would open further the possibility of
using other locally grown cereals (e.g., sorghum and millet) for the viscoelastic protein source in
baked products (Mejía 2003).
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CHAPTER 2.

FUNCTIONALIZED CORN ZEIN TO IMPROVE THE
QUALITY OF GLUTEN-FREE BREAD

2.1

Introduction

Due to increased awareness and better diagnosis of celiac disease, coupled with changing
eating habits, the demand for gluten-free products is increasing rapidly throughout the world
(Matos and Rosell 2015). Additionally, in many developing countries, wheat flour is imported at
a high cost, which increases economic burden and gluten-free or composite flour products may be
of comparably low cost. Therefore, the replacement of wheat products with good quality glutenfree product is very beneficial to certain populations. Sources of plant storage proteins are very
important for human consumption around the world. Maize has a large impact on the economies
of developing countries, as well as developed countries because it is the most widely grown and
used cereal in the world (Goodall et al. 2012). With celiac disease becoming one of the major
gastrointestinal diseases, and along with gluten-intolerance, the use of corn zein would be a good
alternative to gluten in baking.
Celiac disease is an autoimmune disease that leads to inflammation of the small intestine
of genetically susceptible people when they consume storage proteins from wheat (gluten), rye
and barley. A life-long gluten-free diet is the only effective treatment to restore the small intestinal
villi of affected individuals (Fennema et al. 2008). However, producing high quality gluten-free
products is still a challenge, and to achieve this, a good formulation is required (Nunes et al. 2009).
The production of gluten-free bread has been studied for a long time. In 1976, the World
Health Organization and the Food and Agriculture Organization adopted the label “gluten-free
product”, and one of the key discoveries since then has been that the use of hydrocolloids in
formulations can yield breads with adequate volume and crumb. The batter-like dough obtained
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can be poured in pans and baked. Gluten-free dough has this consistency because of the absence
of gluten that normally forms an aggregate network when water is added to wheat flour and shear
is applied. A relatively long mixing time generally improves the consistency of the dough by
making it more elastic, however this is not the case with gluten-free doughs. Gluten-free breads
have been compared to cakes. Cake flour has low water absorption and, therefore, tolerates a short
mixing time to give a crumb that is soft and not chewy (Schober et al. 2010).
Wheat gluten has the unique ability to form a viscoelastic network when wheat flour is
mixed with water and shear is applied. That network will trap gas produced during the fermentation
of the dough and this will give a viscoelastic dough (Mejia et al. 2012; Fevzioglu et al. 2012).
Gluten is composed of glutenins and gliadins. The latter contains cysteine residues that exist as
intramolecular disulfide bonds that are buried inside the gluten protein and therefore they do not
participate in sulfhydryl-disulfide interchange reactions with other proteins. In wheat dough,
gliadins remain compact and contribute to the fluidity of the dough, as it is extensible and viscous,
but not very elastic. This explains why gliadins confer a viscous property to gluten, which has been
shown by making a dough through a process of mixing isolated gliadins and starch; this dough
was viscous and not viscoelastic. On the other hand, glutenins are composed of both high and low
molecular weight proteins joined by cross-links. These components of glutenins polymerize
extensively via sulfhydryl-disulfide interchange reaction during the dough-making process. In
wheat dough, glutenins unfold and stretch; they are elastic but are not very extensible. This is why
glutenins are responsible for the elastic characteristic of gluten. Additionally, hydrogen bonding
among amide and hydroxyl groups contributes to the viscoelastic properties of wheat dough. To
improve the quality of the gluten-free breads (making them more closely resemble wheat breads),
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zein could be added to the formulation to make the dough more elastic (Schober et al. 2010, Mejia
et al. 2012).
Zein is the prolamin storage protein from maize kernels, and it potentially can be used in
gluten-free breadmaking. When zein is kept above its glass transition temperature of ~28oC it
forms a viscoelastic dough when mixed with starch (Lawton 1992). More recent research has
shown that when zein is kept at 35oC and then incorporated in a dough mixture, a viscoelastic
dough that resembles wheat dough forms upon mixing (Mejia et al. 2012). Zein should be kept at
35oC in order for it to become functional, because it is hydrophobic and is a combination of
different proteins types (α, β, γ and δ-zeins) with different size and solubility leading to a relatively
high glass transition temperature. The most abundant of the storage proteins, α-zein, is composed
of a high proportion of hydrophobic residues. It is important to note that zein is trapped inside
protein bodies. Only when freed from the protein body, can it form a network in a zein-starch
dough that will hold carbon dioxide during dough fermentation that give breads with higher
volume and better crumb (Bugusu et al. 2001, Schober et al. 2010). At room temperature (25oC),
zein contains around 65% α-helices and 30% β-sheets. Once sufficiently hydrated and kept at 35oC,
and with introduced shear, the proportion of α-helices in zein decreased significantly, while the
proportion of β-sheets increased to 48% (Mejia et al. 2012). The application of shear shows a
buildup to a similar amount of β-sheets in zein to that found in wheat. This means that to work like
gluten, zein should be kept at 35oC, which is above its glass transition temperature, and it should
be hydrated and shear should be applied. It is important to understand the similarities and
differences between wheat gluten and corn zein, as well as their structure and functionalities, in
order to make a good quality gluten-free formulation (Mejia et al. 2007). Corn zein is added in
the formulation of gluten-free bread because functionalized corn zein can form a protein network,
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similar to gluten network, in the dough and that network will stabilize the gas bubbles formed
during dough proofing. Here, it was hypothesized that zein addition to already good quality glutenfree formulations will further improve crumb texture to that of wheat bread, and integrity of the
sliced bread will be improved with exposed to watery materials placed in sandwiches.

2.2

Materials and methods
2.2.1

Materials

Table 3. Original recipe (provided by Rachel Jackson, Purdue student) of gluten-free with 10%
zein and tested formulation changes
Ingredients

Original

First change

Second change

Milk

65.14 g (Skim milk)

65.14 g (Skim milk)

Egg

66.57g (Whole
milk)
½ (~ 24g)

½ (~ 24g)

½ (~ 24g)

Vegetable oil

10 g

5g

5g

Yeast

1.75 g

1.75 g

1.75 g

Sugar

7g

5g

5g

Baking powder

1.75 g

1.5 g

1.5 g

Salt

3.5 g (Use 1.75 g)

1.5 g

1.5 g

Xanthan gum

1.75g

1.75 g

1.75 g

Tapioca starch

27.91 g

23.79 g

17.84 g

Potato starch

20.93 g

23.79 g (Corn starch)

17.84 g (Corn starch)

Brown rice flour

24.77 g

23.79 g

35.68 g

Sodium caseinate

2.71 g

2.22 g

2.22 g

Zein

8.48 g

8.48 g

8.48 g
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Gluten-free food products are made from different combinations of ingredients: non-gluten
cereal flours (mostly rice flour), hydrocolloids such as xanthan gum, carboxymethyl cellulose
(CMC) and hydroxypropyl methyl cellulose (HPMC), starches (except wheat starch), and other
ingredients. Each ingredient is added in a certain percentage and plays a specific role in the
breadmaking process. In this study, the base gluten-free bread recipe was provided from Rachel
Jackson (Food Science graduate student, who blogs on gluten-free formulations). That recipe was
iteratively changed to optimize the quality of the bread obtained (Table 3). The whole milk used
at the beginning was replaced by skim milk to reduce the amount of fat in the recipe. A change
was made to set the amount of brown rice flour equal to the amount of the two starches combined
(Table 3). In the original recipe, the amount of starch was twice the amount of rice flour, which
could have reduced the total amount of protein in the bread as well as weakened the structure of
the bread. After baking, the proteins in the rice flour can aggregate together and strengthen the
crumb structure (Gallagher 2009). Therefore, the original recipe, which contain an amount of
starch that is twice the amount of rice flour, was changed. The new recipe contained an equal
amount of rice flour and starch, also the whole milk used in the original recipe was substituted
with skim milk. Texture Profile Analysis (TPA) with a double compression was used on breads
made using the original formulation and the two changes discussed. The results are shown below.

Different types of breads made in this study:
1. Three types of breads were made: wheat bread, gluten-free bread without zein (0% zein),
and gluten-free bread with different percentages of zein (4%, 6%, 8%, and 10% zein).
These breads were named Standard ± zein. The lists of ingredients are in Section 2.2.1.1
below.
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2. The second category of bread made was named Standard ± zein without sodium caseinate.
The same ingredients were used as for Standard ± zein, with the exception of sodium
caseinate to examine the textural characteristics of the crumb after the removal of sodium
caseinate from the recipe.
3. The third category made used the ingredients for Standard ± zein, but instead of milk and
eggs, we used water and whey protein concentrate.
4. The fourth type of bread was made using the same ingredients as the third category, except
sodium caseinate.
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Table 4. Formulation wheat bread, and gluten-free without zein with and without sodium
caseinate
Ingredients

Wheat bread (g)

Wheat flour
Milk/Water
Egg/Whey
protein
Vegetable oil
Yeast
Sugar
Baking powder
Salt
Xanthan gum
Tapioca starch
Corn starch
Brown rice
flour
Sodium
caseinate

100g
75ml (water)

0.9g
5g
1g

Gluten-free
without zein

GF without zein
with water, whey
protein and
sodium caseinate

GF without zein
with water, whey
protein and
without sodium
caseinate

65.14ml (milk)

65.14ml (water)

½ egg (24g)
5g
1.76g
5g
1.5g
1.5g
1.76g
19.28g
19.28g

65.14ml (water)
24g whey
protein
5g
1.76g
5g
1.5g
1.5g
1.76g
19.28g
19.28g

38.56g

38.56g

41.02g

4.92g

4.92g

24g whey protein
5g
1.76g
5g
1.5g
1.5g
1.76g
20.51g
20.51g
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Table 5. Formulation gluten-free bread with 10% zein
Ingredients

Gluten-free
with 10% zein
(Standard)

GF with10%
zein with water,
whey protein and
sodium caseinate

Milk/Water
Egg/Whey
protein
Vegetable oil
Yeast
Sugar
Baking powder
Salt
Xanthan gum
Tapioca starch
Corn starch
Brown rice flour
Sodium caseinate
Zein

65.14ml (milk)

65.14ml (water)
24g whey
protein
5g
1.76g
5g
1.5g
1.5g
1.76g
17.84g
17.84g
35.68g
2.22g
8.48g

½ egg (24g)
5g
1.76g
5g
1.5g
1.5g
1.76g
17.84g
17.84g
35.68g
2.22g
8.48g

GF with 10% zein
with water, whey
protein and
without sodium
caseinate
65.14ml (water)
24g whey protein
5g
1.76g
5g
1.5g
1.5g
1.76g
18.40g
18.40g
36.79g
8.48g

Percentages were on a flour basis. In this case, flour basis was designated by the total
amount of rice flour, starches, sodium caseinate and zein. Every time an ingredient was discarded
(sodium caseinate or zein), the percentages of the other ingredients were adjusted in order to have
the same total weight of the following ingredients: rice flour, starches, sodium caseinate, and zein.
The percentages of the other ingredients, that were not included in the flour grouping, were kept
the same in order to better observe any change that appeared when an ingredient was discarded
and to gain more insight regarding the role of that ingredient in the formulation.
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The following ingredients were used for each type of bread:
2.2.1.1 Wheat bread

Figure 5. Wheat bread
List of ingredients: 100 g of unbleached all-purpose flour (King Arthur Flour, Norwich, VT),
0.9 g of active dry yeast (Fleischmann’s Yeast, San Francisco, CA), 5 g of Domino sugar
(Domino Foods, Inc., Willamsburg, Brooklyn, New York), 1 g of salt (Morton International,
Inc., Chicago, IL), and 75 ml of warm water (around 50oC).
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2.2.1.2 Gluten-free bread without zein

Figure 6. Gluten-free without zein
List of ingredients: 65.14 g warm (50oC) skim milk (Prairie Farms 2% Reduced fat milk,
Broadway Carlinville, IL), ½ (~ 24 g)organic egg (Eggland’s Best Cage-Free eggs,
Malvern, PA), 1.75 g active dry yeast (Fleischmann’s Yeast, San Francisco, CA), 5 g
Domino sugar (Domino Foods, Inc., Willamsburg, Brooklyn, New York), 1.50 g Rumford
Aluminum-free baking powder (Clabber Girl Corporation, Terre Haute, IN), 1.5 g salt
(Morton International, Inc., Chicago, IL), 1.75 g xanthan gum (Hodgson Mill, Inc.,
Effingham, IL), 5 g Great Value vegetable oil (Wal-Mart Stores, Inc. Bentonville, AR),
19.28 g tapioca starch (Hodgson Mill, Inc., Effingham, IL), 19.28 g corn starch (Wal-Mart
Stores, Inc. Bentonville, AR), 38.56 g organic brown rice flour (The Hain Celestial Group
Inc, New Hyde Park, NY), 4.92 g sodium caseinate (lot no. CNE 00-6197-000, All
American Dairy Products, Inc., Morgantown, PA 19543).
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2.2.1.3

Gluten-free bread with zein

Figure 7. Gluten-free with 10% zein
List of ingredients: 65 g warm (50oC) skim milk (Prairie Farms 2% Reduced fat milk,
Broadway Carlinville, IL), ½ organic egg (Eggland’s Best Cage-Free eggs, Malvern, PA),
1.75 g active dry yeast (Fleischmann’s Yeast, San Francisco, CA), 5 g Domino sugar
(Domino Foods, Inc., Willamsburg, Brooklyn, New York), 1.50 g Rumford Aluminumfree baking powder (Clabber Girl Corporation, Terre Haute, IN), 1.5 g salt (Morton
International, Inc., Chicago, IL), 1.75 g xanthan gum (Hodgson Mill, Inc., Effingham, IL),
5 g Great value vegetable oil (Wal-Mart Stores, Inc. Bentonville, AR), 17.84 g tapioca
starch (Hodgson Mill, Inc., Effingham, IL), 17.84 g corn starch (Wal-Mart Stores, Inc.
Bentonville, AR), 35.68 g organic brown rice flour (The Hain Celestial Group Inc, New
Hyde Park, NY), 2.22g sodium caseinate (lot no. CNE 00-6197-000, All American Dairy
Products, Inc., Morgantown, PA 19543), 8.48 g zein (lot no. F40006061C5, Flo Chemical
Co., Ashburnham, MA).
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2.2.2

Methods

For the first experiment, three types of breads were made: Wheat bread, gluten-free without
zein, and gluten-free with zein.
Dry ingredients (lists under pictures above), except yeast, were weighed, placed in closed
individual container and placed overnight at 35oC in a temperature-controlled room to equilibrate.
The next day the liquid ingredients (water or skim milk) were warmed up to 50oC.
Ingredients, except water, milk, eggs and yeast that were kept either in the refrigerator or
at room temperature, were weighed in individual closed containers and kept overnight in a 35°C
temperature-controlled room to equilibrate. This process enabled zein to be conditioned above its
glass transition temperature, rendering it available for participation in fibril formation. Water or
milk was warmed to 50°C temperature before use. In the same 35°C temperature-controlled room,
the dough is mixed, weighted and equal parts of the dough is placed in pans.
2.2.2.1 Dough mixing
Method: Baking tests were conducted using the 100-g basic straight dough bread baking
method (AACC Approved Method 10-09). All doughs were mixed at 35oC in the temperature
controlled-room following this process.
Wheat dough: Some of the warm water, sugar and water were added to the yeast, stirred
and left to rise for 10 min. The dry ingredients were stirred in the mixer bowl. At the end of the 10
min, the yeast mixture, and the rest of the warm water were added to the dry ingredients, then the
dough was mixed for 8 min (4 min at Speed 2, then 4 min at Speed 4) using a pin-type mixer
(Kitchen Aid St. Joseph, Michigan USA).
Gluten-free doughs: Some of the brown rice flour, sugar, and some of the warm milk were
added to the yeast, stirred and left to rise for 10 min. The dry ingredients were stirred in the mixer

30
bowl. At the end of the 10 min, the egg, the yeast mixture, and the rest of the warm milk were
added to the dry ingredients, then the dough was mixed for 8 min (4 min at Speed 2, then 4 min at
Speed 4) using a pin-type mixer (Kitchen Aid St. Joseph, Michigan USA).
The doughs were mixed using a Kitchen Aid mixer (Kitchen Aid, St. Joseph, Michigan
USA). The ingredient measurements were doubled to make two bread loafs at a time and also to
avoid dividing the egg in two. To preferment the yeast, some flour and sugar were added to the
yeast along with some water or milk, and the resulting mixture was stirred and kept for 10 min.
The dry ingredients were mixed together and then sifted in the mixing bowl to allow air
incorporation and also to homogenize the flour. Then, the wet ingredients were added to the dry
ingredients and the dough was mixed 4 min at Speed 2 and, then 4 min at Speed 4 until the dough
was smooth (See Figure 8 below).

Figure 8. Dough of gluten-free without zein
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After mixing, the dough was weighed and divided in two equal parts. Each part was placed
and proofed in a mini loaf pan (6-inch mini loaf pans, Hamilton Beach). More air was incorporated
in the dough during the mixing process to help the dough rise to yield an aerated bread product.
The ingredients were mixed to obtain a homogeneous mixture and to allow the dough/batter
structure to begin to form as the dry ingredients absorbed water from the wet ingredients. When
flour is mixed with water, the flour particles become hydrated and this increases the solubility of
the proteins, and the glutenin polymers disaggregate and reorient to form a membrane network
(Fennema et al. 2008). Yeast cells begin to produce carbon dioxide and starch (mostly damaged
starch) becomes hydrated and starts to swell.
2.2.2.2

Dough fermentation

The mixed dough/batter, weighed and divided in two equal parts, was proofed in the mini
loaf pans (6-inch mini loaf pans, Hamilton Beach). Dough fermentation was conducted in a
fermentation cabinet (InterMetro Industries Co., Wilkes-Barre, PA) for 50 min at 95°F and 85%
relative humidity (RH). The breads were baked in a preheated rotary electric oven (Doyon Inc,
Liniere, Quebec, Canada) at 325°F for 30 min.
During fermentation of the dough, the size of the gas bubbles expands significantly. As the
dough is no longer divided, the gas bubbles only increase in size during dough fermentation. The
carbon dioxide (CO2) comes from the activity of the yeast (Saccharomyces cerevisiae) and fills
the gas bubbles. The yeast metabolizes the glucose, fructose and maltose (from enzyme hydrolysis)
and produces alcohol and CO2. Fermentation occurs at a precise temperature and humidity and
determines gas production. Dough is a type of foam, so the gas produced is trapped in a protein
network (gluten or zein-starch networks) and should be retained within it as long as possible until
the protein network coagulates and forms a solid network during baking to give bread with a large
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volume and soft crumb. Thus, gas retention is equally as important as gas production because it
determines the shape and size of the bread (Cauvain and Young 2000).
2.2.2.3 Gluten-free baking process
After fermentation of the dough/batter in the mini pans, the breads were baked in the rotary
electric oven at 325°F (National Mfg. Co., Lincoln, NE) for 30 min.
After baking, the breads were left to rest in the pans 10 min and then removed. Baked
loaves were allowed to cool for 1 h before texture analysis (Figure 9) [Texture Profile Analyzer
(TPA), TAXT2i, Stable Micro Systems, Surrey, UK] to determine the textural characteristics of
the crumb. A bread slice of 25 mm thickness was compressed up to 40% of its original height at a
crosshead speed of 1.7 mm/s with a cylindrical probe (diameter 32 mm). Values were the mean of
four replicates. Two batches were baked and each batch made two loaves.
2.2.2.4 Baked loaf volume test
The baked loaves were left 10 min in the pans, removed, and then allowed to cool for 1 h
before measuring their volume. Volume was measured by the rapeseed displacement method
(AACC Approved Method 10-05.01).
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2.2.2.5 Texture Profile Analyzer

Figure 9. Texture Profile Analyzer (Rolle et al. 2012)
The baked mini loaves were left in the pans 10 min to rest, then allowed to cool for 1 h
before cutting them into 25 mm thick slices. In a second experiment, slices were used to determine
the hardness, gumminess, springiness, and chewiness of the crumb through a cycle of compression
release followed by another cycle of compression and release. Each cycle mimics a bite when
eating the bread that’s why the TPA is also called the “two bites” test and it is used to mimic the
mastication of the bread. Its results have been compared to the results of the sensory analysis. To
summarize, the TPA is a double compression test used to determine the textural properties of food.
The food is subject to a controlled force that generates a response in terms of a deformation curve.
All textural parameters (Figure 10) are obtained from the deformation curve. The hardness value
is used to calculate the other textural parameters of the crumb (hardness, gumminess, springiness
and chewiness).
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Figure 10. A two-bites force vs time texture profile graph (McGregor 2017)

•

Gumminess =

A2

•

Springiness =

L2

•

Chewiness = Gumminess * Springiness

A1

* Hardness

L1

Hardness, also known as “firmness”, is the maximum force during the first cycle.
Gumminess is the energy necessary to disintegrate a semi-solid food to a state ready for
swallowing. Springiness is the height that the food recovers during the time that elapses between
the end of the first cycle and the start of the second cycle. Chewiness is the energy to chew a solid
food until it is ready for swallowing.
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The crumb texture was measured with a TA-XT2 texture analyzer (Stable Microsystems,
Surrey, UK) fitted with B Texture Expert software. The protocol used is a modification of the
AACC Method 74-09. A 32-mm diameter cylindrical aluminum probe was used in a B Texture
Profile Analysis (TPA) double-compression test to penetrate to a distance of 15 mm from the
surface of the crumb which represents 60% of the depth of the sample. The test speed was 1.7
mm/s, with a 30 second delay between the two compressions. Each mini loaf was sliced
transversely into 4 pieces of 25 mm thickness. The slices were taken from the middle of the loaf;
therefore, the extremities (the crust) of the breads were removed. Force (g) was measured over
time (s). The bread sample was removed after the double compression. The firmness or hardness
of the bread is the highest peak in the first cycle. Calculations made from the curves obtained from
the TPA after the double compression can give other parameters like the gumminess, the
springiness, and the chewiness of the breads.
To measure the ability of the bread to maintain integrity upon exposure to moisture, a piece
of cotton round (Swisspers Premium, U.S. Cotton, Gastonia, NC) was imbibed with 15 ml water,
placed between two slices of bread and allowed to stay there 10 min (5 min on one side then turned
to the other side). This was done to mimic a sandwich that contains moisture in the filling to
determine if the pieces of bread would dissolve or how well they would hold together in the
presence of moisture. Then, each slice was compressed twice in the TPA to determine its ability
to withstand moisture exposure. For each test, 2 different batches were made. Each batch contained
2 breads and each bread was sliced into 4 pieces. So, the TPA test was repeated 16 times (4 times
of each of the 4 breads) for each type of bread to obtain the textural parameters of each after baking
then after being in contact with moisture. Then the average of the values was calculated
representing each type of bread. The TPA simulates the consumer’s interaction with the product.
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2.2.2.6 Sensory analysis
Three types of breads were baked: Wheat bread, gluten-free without zein and gluten-free
with zein. The sensory analysis test was done under red light to minimize differences in color of
the breads (the gluten-free bread has a slightly yellow color). The crust was removed and each
mini loaf was divided into eight pieces. Each panelist received a cube of each sample in random
order and was asked to chew the bread and rank the samples for their chewiness on a 9-point
hedonic scale and their texture on a 5-point JAR (Just About Right) scale. The panelists cleansed
their palate with water between samples.

2.3

Results and discussion
2.3.1

Bread volume

The reference wheat bread had a greater loaf volume than the gluten-free breads. The
volume of the wheat bread is 11.98% greater than the volume of the gluten-free bread without zein
and 10.94% greater than the volume of the gluten-free bread with 10% zein. Between the two
gluten-free breads, the one with 10% zein has a slightly (1.17%) greater volume than the one
without zein. Volume was measured by the rapeseed displacement method (AACC Approved
Method 10-05.01).

The use of the rapeseeds method gave the following results:
•

The volume of the wheat bread was 11.98% greater than the volume of the gluten-free
bread without zein.

•

The volume of the wheat bread was 10.94% greater than the volume of the gluten-free
bread with 10% zein.
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•

The volume of the gluten-free bread with 10% zein was 1.17% greater than the volume of
the gluten-free bread without zein.

In addition to the lower volumes for the gluten-free breads, they had a flat shape on the
top instead of a dome shape that is typical, and was observed, for the wheat bread. This can be
explained in that the gluten in the wheat dough was more elastic and held the gas bubbles
better that the xanthan-produced bubbles, or with zein assistance, in the gluten-free doughs.
Mixing the wheat dough is necessary for full development of the gluten and for the
transformation of hydrated flour particles into a dough. α-Zein combined with starches, rice flour,
hydrocolloids will form viscoelastic dough when it is mixed with water and held above its glass
transition temperature (Taylor et al. 2016). High molecular weight wheat glutenins form β-sheet
structures that will allow hydrated gluten to hold CO2. Corn zein will also form β-sheet structures
that can hold gas (Bugusu et al. 2001). However, it forms unstable viscoelastic polymers when
hydrated above its glass transition temperature and mixed. Most of those polymers will collapse
after their formation, when the β-sheet structure diminishes due to stop of the application of
shear. This implies that zein forms a viscoelastic system when it is kept at 35oC, hydrated and
mixed with other ingredients. These three conditions are necessary to functionalize zein (Mejia
et al. 2012). Mixing also improves the aeration of the dough by increasing the number of gas
bubbles in the dough and the interactions between different ingredients. Finally, mixing reduces
the size and increase the number of the gas bubbles, which gives a more stable dough and is also
a criteria of quality in breadmaking. It is an important step on which the quality of the final
product depends, because, for example, overmixed dough can give a tough bread texture
(Eliasson and Larsson 1994). Alternatively, undermixing will give breads with low volume. Also,
it is during the mixing time that the number of gas bubbles is determined. The mixing process
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increases gas bubbles by reducing the size of the large bubbles and also by dividing them into
smaller sizes, which will stabilize the dough later on (Cauvain and Young 2009).
A compression test was used to simulate when the consumer chews the product. A double
compression simulates the two first bites. Each bite is composed of one cycle: down and up. Down
simulates when the consumer’s teeth bite the product and up when the teeth are apart. Springiness
represents the height that the product recovers between two cycles. Overall, the TPA is used to
determine the textural properties of the bread. The texture of food has a big influence on the
acceptability of the food by the consumer. The texture of a food is mostly determined by its
composition, such as moisture and fat content, type and amount of carbohydrates and proteins
(Fellows 2009). As shown in Figure 10, a texture profile curve contains different measurements
that represent sensory parameters like hardness and other parameters (gumminess, springiness, and
chewiness) that are calculated (Nielsen 2010). The bread crumb is less hard after the first
compression, even if it springs at the beginning of the second cycle.
At the beginning of the experiments, the breads were made using whole milk and with an
amount of starches (tapioca and corn) that was twice the amount of brown rice flour. The TPA was
used in a press once mode (Figure 11) instead of press twice. The TPA results are below.
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Figure 11. Comparison of textural characteristics of wheat bread, glutenfree without zein, and gluten-free with 10% zein after a single compression

Figure 12. A graphical representation of the peak hardness of wheat bread,
gluten-free without zein, and gluten-free with 10% zein after a single
compression
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Figure 13. A graphical representation of the hardness area (A1) of wheat
bread, gluten-free without zein and gluten-free with 10% zein after a single
compression
Gluten-free bread with 10% zein had a higher peak of hardness and a larger hardness area,
while the gluten-free without zein and the wheat bread were close in firmness. The bread made
with 10% corn zein was, therefore, firmer than the other breads (Figures 12 and 13). Zein kept
above its glass transition temperature apparently conferred more elasticity to gluten-free bread,
because of the formed protein network. This would allow the dough to rise better by holding the
gas during dough fermentation. Further experiments shown below showed a lower percentage of
zein (<10%) exhibited more favorable characteristics, as it gave bread that was less hard than the
ones obtained using 10% zein, which had a level of hardness higher than that of wheat bread.

41

Figure 14. Comparison of the textural characteristics of the crumb of wheat
bread, gluten -free without zein, and gluten-free with 10% zein when it is in
contact with moisture

Figure 15. A graphical representation of peak hardness area of the crumb of
wheat bread, gluten -free without zein, and gluten-free with 10% zein when
it is in contact with moisture
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Figure 16. A graphical representation of the hardness areas (A1) of the
crumb of wheat bread, gluten -free without zein, and gluten-free with 10%
zein when it is in contact with moisture
When in contact with moisture, the crumb of the wheat bread and the gluten-free bread
with 10% zein held together better than the gluten-free bread without zein (Figures 14, 15 and 16).
It is likely that these breads can be better used to make sandwiches containing moist constituents
(e.g., tomato). A network apparently formed with the functionalized zein that resembled the gluten
network. However, other textural parameters like gumminess, springiness and chewiness were not
measured, because of the single compression test used in this experiment. For the next set of
experiments, the recipe was changed to use skim, instead of whole milk to reduce the amount of
fat in the bread and also to use an equal amount of brown rice flour and starch (tapioca and corn).
This resulted in twice the amount of brown rice flour used before, and was made after observing
that this bread rose more and had a top shape that was more like a dome which resemble the shape
of wheat bread (Figure 17). Also, Mancebo et al. 2015 showed that doughs made with rice flour
have a higher protein content than doughs made with starch and that this will result in more
browning of the crust of the breads through Maillard reaction. Browning of the crust gives more
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appealing gluten-free breads that resemble wheat breads, and is contrary to most commercial
gluten-free breads that have a pale crust color.

Figure 17. Gluten-free bread with 10% zein. Bread on the left had an amount of brown
rice flour that was equal the amount of the two starches combined (rice flour = tapioca
starch + corn starch) and bread on the right had an amount of brown rice flour equal
to the amount of each starch (rice flour = tapioca starch = corn starch).
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Figure 18. Wheat bread, gluten-free bread without zein, and gluten-free bread with 10%
zein (left to right)
2.3.2

Breads textural characteristics before exposure to moisture
2.3.2.1 Regular recipe with sodium caseinate

In both cycles that represent the first and the second bite when chewing the bread, the force
necessary to press down the wheat bread was higher (around 3000 g) than the force necessary to
press down the gluten-free breads (Figure 19). Among the gluten-free breads, a higher force was
used to press down the gluten-free bread with zein than to press down the gluten-free bread without
zein. The same trend was observed for gumminess and chewiness properties. The peak hardness
of the gluten-free bread with zein (particularly 4% and 6% zein) was higher and close to the peak
hardness of wheat bread (Figure 20). The gluten-free bread without zein had a lower peak hardness.
However, the difference in hardness was not significantly different among the breads. The gluten
and starch in the wheat bread apparently formed a network stronger than the networks formed by
proteins and starches in the gluten-free breads. The same trend was observed for the gumminess
and the chewiness (Figures 22 and 24, respectively). The gluten-free bread without zein had better
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springiness than the other breads, but the difference was not significantly different among the
breads. The gluten-free breads were of good quality (Figure 18) and this is verified in that their
textural characteristics were similar to the ones of wheat bread. This might be due to the use of
hydrocolloids and other ingredients in the recipe to make a better dough and also to the
functionalization of the corn zein. The wheat bread has a larger hardness area A1 (Figure 21) than
the gluten-free breads. The same trend is observed for the other textural characteristics (gumminess,
springiness and chewiness). The gluten-free bread with 6% zein was chewier than the other glutenfree breads with zein.

Figure 19. Comparison of textural characteristics of wheat bread, glutenfree (GF) without zein, and gluten-free (GF) with different percentages of
zein. Data sets are the average of four replicates.
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Figure 20. A graphical representation of the peak hardness of wheat bread,
gluten-free without zein, and gluten-free with different percentages of zein
(P < 0.05). Data sets are the average of four replicates.

Figure 21. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free without zein, and gluten-free with different percentages
of zein (P < 0.05). Data sets are the average of four replicates.
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Figure 22. A graphical representation of the gumminess of wheat bread,
gluten-free without zein, and gluten-free with different percentages of zein
(P < 0.05). Data sets are the average of four replicates.

Figure 23. A graphical representation of the springiness of wheat bread,
gluten-free without zein, and gluten-free with different percentages of zein
(P < 0.05). Data sets are the average of four replicates.
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Figure 24. A graphical representation of the chewiness of wheat bread,
gluten-free without zein, and gluten-free with different percentages of zein
(P < 0.05). Data sets are the average of four replicates.

2.3.2.2 Regular recipe without sodium caseinate
When sodium caseinate was removed from the recipe (Figure 25), hardness increased for
the gluten-free bread without zein (Figure 26) compared to when there was sodium caseinate in
the recipe. (Figure 20). For the gluten-free bread with zein, hardness either increased (4 and 8%
zein) or decreased (6 and 10% zein) (Figure 26). The hardness area (Figure 27) was not
significantly different for the breads (gluten-free bread without zein, and gluten-free with 4%, 6%
and 8% zein). Sodium caseinate apparently helped improve the functionality of the zein by
increasing dough viscosity, probably because it has a high water-holding capacity. So, the removal
of the sodium caseinate made the dough and the breads harder. However, the results were not
conclusive. For example, for the gluten-free breads with zein, hardness both increased (4% and
8%) or decreased (6% and 10% zein), and the bread with 8% zein was gummier. Dairy products
make the bread softer, as the proteins intervene in the formation of a stronger dough network that
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holds gas better because dairy proteins will act as emulsifiers and dough stabilizers. They will
soften the bread after baking with better storage for a longer time (Gallagher 2009). This may
explain why the removal of the sodium caseinate made the doughs and breads harder. The removal
of sodium caseinate yielded gluten-free bread with 4% zein that was chewier than the other types
of gluten-free bread with zein. The gluten-free bread without zein was comparably chewier. This
shows that the effect of zein was reinforced by the sodium caseinate. Gumminess (Figure 28) and
springiness values (Figure 30) decreased as the amount of zein increased and, for gluten-free bread
with zein, springiness was higher with the 8% zein (Figure 29).

Figure 25. Comparison of textural characteristics of wheat bread, glutenfree bread without zein and gluten-free breads with different percentages of
zein made without sodium caseinate. Data sets are the average of four
replicates.
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Figure 26. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) without sodium caseinate. Data sets are the
average of four replicates.

Figure 27. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) without sodium caseinate. Data sets are the
average of four replicates.
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Figure 28. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05). Data sets are the average of four replicates.

Figure 29. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05). Data sets are the average of four replicates.
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Figure 30. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05). Data sets are the average of four replicates.

2.3.2.3 Breads made with water, whey protein and sodium caseinate
The gluten-free breads were found to be harder when whey protein was used instead of
eggs (force used around 8000 g for the 10% zein) and with replacement of the milk with water
(Figure 31). This was likely because milk and eggs increased the protein-starch network and gave
a soft dough and softer breads. Removal of the milk and eggs made the breads harder (Figure 32
and 33), as the crumbs were dense and the crust hard just after cooling. This breads also staled
within hours. Incrementally higher amounts of zein led to coinciding increases in bread hardness.
There may have been an interaction between zein and whey protein that hardened the bread. The
same trend was observed for the gumminess (Figure 34) and the chewiness (Figure 36). The glutenfree bread with 10% zein was hard and staled quickly. Reducing the amount of whey protein may
reduce the hardness and other textural characteristics in order to have values close to the ones of
wheat bread. The springiness was not significantly different among the breads.
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Figure 31. Comparison of textural characteristics of wheat bread, glutenfree bread without zein, and gluten-free bread with different percentages of
zein made with water, whey protein and sodium caseinate. Data sets are the
average of four replicates.

Figure 32. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water, whey protein and sodium
caseinate. Data sets are the average of four replicates.
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Figure 33. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water, whey protein and sodium
caseinate. Data sets are the average of four replicates.

Figure 34. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water, whey protein and sodium
caseinate. Data sets are the average of four replicates.
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Figure 35. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water, whey protein and sodium
caseinate. Data sets are the average of four replicates.

Figure 36. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water, whey protein and sodium
caseinate. Data sets are the average of four replicates.
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2.3.2.4 Breads with made with water and whey protein, but without sodium caseinate
With this final formulation (results in Figure 37), the gluten-free breads were drastically
harder than the wheat bread (Figures 38 and 39). Also, the gluten-free with 10% zein were
gummier (Figure 40) and chewier than other breads (Figure 42) with this formulation. The
compression test was conducted to compare the textural characteristics of the crumbs of different
breads. Hardness is an important textural property in bread quality evaluation as it shows
performance of the protein network, and this relates to desirable chewiness to the bread. However,
the gluten-free breads should mimic wheat bread, which was not the case here. These breads were
too hard. Apparently, dairy and egg proteins are very important in the texture of gluten-free bread.
Gluten-free bread with 10% zein had the highest textural parameter values which means that the
amount of zein should be reduced in this formulation. The breads all had similar springiness. For
bread hardness, an increase of the protein content may make the breads softer. This was not
observed in this case with the use of whey protein. The increase in bread hardness may be
explained by the fact that more protein binds more water and, therefore, reduces water availability
for the starch to use for gelatinization (Stauffer 1990). This may explain why the breads made with
the high amount of whey protein did not rise well and that they had a hard crust and crumb. This
might be corrected by reducing the amount of whey protein. Compact breads that do not have a
large volume, do not have a long shelf life (Stauffer 1990).
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Figure 37. Comparing textural characteristics of wheat bread, gluten-free
bread without zein, and gluten-free breads with different percentages of zein
made with water and whey protein but without sodium caseinate. Data sets
are the average of four replicates.

Figure 38. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate. Data sets are the average of four replicates.
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Figure 39. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate. Data sets are the average of four replicates.

Figure 40. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate. Data sets are the average of four replicates.
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Figure 41. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate. Data sets are the average of four replicates.

Figure 42. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate. Data sets are the average of four replicates.
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2.3.3

Breads textural characteristics after exposure to moisture
2.3.3.1 Regular recipe with sodium caseinate

Gluten-free bread slices were exposed to moisture to mimic a sandwich made with moist
internal components. For this part, a piece of cotton was imbibed with water (15 ml) and placed
between two slices of bread (Figure 43). Ten (10) min later the TPA tests were conducted by
pressing the two parts of the bread that were in contact with the cotton. Breads exposed to moisture
(Figure 44) were less firm than breads that were not exposed to moisture (Figure 19), but the breads
(regular with sodium caseinate Figure 44) remained firm and they held together. The forces applied
to compress the different types of breads before and after exposure to moisture were compared.
The force used to press the bread before exposure to moisture were higher than after exposure to
moisture. However, both forces are high, which implies that the breads held moisture well and did
not disintegrated when in contact with moisture. Increasing the amount of zein did not always
increase the hardness of the bread. However, as observed previously, using water and whey protein
instead of milk and eggs increased bread hardness. This may be due to a difference in the amount
of protein. Gallagher et al 2005 have showed that using dairy powders that have a high protein and
a low lactose content will give breads with an improved shape and volume, but the crumb of the
bread is firmer. In the present case, the amount of whey protein may have been considerably too
high, because the bread crumb was hard (Figure 56 and 62) compared to when milk and eggs were
used (Figure 44 and 50). Also, the breads staled quickly and did not have a better shape or volume
than before addition of whey protein. Reducing the amount of whey protein may correct this issue.
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Figure 43. Wet cotton round placed (10 minutes) between two pieces of bread to run the
TPA to check the texture of the bread crumb after being in contact with moisture.

Figure 44. Comparison of textural characteristics of wheat bread, glutenfree bread without zein, and gluten-free breads with different percentages
of zein when in contact with moisture. Data sets are the average of four
replicates.
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For this part (regular with sodium caseinate), the gluten-free bread without zein was
harder (Figure 45 and 46), gummier (Figure 47) and chewier (Figure 49) than gluten-free breads
with zein. All breads had similar springiness (Figure 48).

Figure 45. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) when in contact with moisture. Data sets are
the average of four replicates.
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Figure 46. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) when in contact with moisture. Data sets are
the average of four replicates.

Figure 47. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) when in contact with moisture. Data sets are
the average of four replicates.
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Figure 48. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) when in contact with moisture. Data sets are
the average of four replicates.

Figure 49. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) when in contact with moisture. Data sets are
the average of four replicates.
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2.3.3.2 Regular recipe without sodium caseinate

Figure 50. Comparing textural characteristics of wheat bread, gluten-free
bread without zein, and gluten-free breads with different percentages of zein
made without sodium caseinate when in contact with moisture. Data sets
are the average of four replicates.

When sodium caseinate was removed from the formulation (Figure 50), the textural
characteristics did not change much, probably because the amount of sodium caseinate added in
the formulation was small. The hardness values were close and not significantly different among
the breads (Figure 51 and 52). The gluten-free bread without zein had a springiness value slightly
less than the gluten-free breads with zein (Figure 54). Gumminess (Figure 53) and chewiness
(Figure 55) were not significantly different among the breads. The removal of the sodium
caseinate did not have a big impact in the bread texture.
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Figure 51. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made without sodium caseinate when in
contact with moisture. Data sets are the average of four replicates.

Figure 52. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein made without sodium caseinate when in contact with
moisture (P < 0.05). Data sets are the average of four replicates.

67

Figure 53. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made without sodium caseinate when in contact with
moisture (P < 0.05). Data sets are the average of four replicates.

Figure 54. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made without sodium caseinate when in contact with
moisture (P < 0.05). Data sets are the average of four replicates.
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Figure 55. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made without sodium caseinate when in contact with
moisture (P < 0.05). Data sets are the average of four replicates.
2.3.3.3 Breads made with water, whey protein and sodium caseinate

Figure 56. Comparison of textural characteristics of wheat bread, glutenfree bread without zein, and gluten-free breads with different percentages
of zein made with water, whey protein and with sodium caseinate when in
contact with moisture. Data sets are the average four replicates.
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For this part, gluten-free bread made with water, whey protein, and sodium caseinate,
(Figure 56) and the next part, gluten-free with water, whey protein, and without sodium caseinate
(Figure 62), the breads were harder (Figure 57 and 58) compared to when milk and eggs were used.
For the gluten-free breads with zein, the higher the amount of zein resulted in higher textural
parameter values. Increase of the amount of corn zein and the use of whey protein made the bread
crumb too hard. A moderate use of zein, for example 4% (Figure 57), had a softer bread crumb.
The use of whey protein resulted in increased the crumb gumminess (Figure 59) and chewiness
(Figure 61) compared to when milk and eggs were used. Springiness values were not significantly
different among breads with (Figure 60) and without (Figure 66) the addition of sodium caseinate.
To improve the quality of the breads, Gallagher et al. 2003 have shown that increase of the amount
of water (10 % or 20%) can give breads with a higher volume and softer crust and crumb.

Figure 57. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water, whey protein and with sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.
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Figure 58. A graphical representation of the hardness areas (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water, whey protein and with sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.

Figure 59. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water, whey protein and with sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.
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Figure 60. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water, whey protein and with sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.

Figure 61. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water, whey protein and with sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.
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2.3.3.4 Breads with made with water, whey protein and without sodium caseinate

Figure 62. Comparing textural characteristics of wheat bread, gluten-free
bread without zein, and gluten-free breads with different percentages of zein
made with water and whey protein but without sodium caseinate when in
contact with moisture. Data sets are the average of four replicates.

The removal of sodium caseinate make some breads harder (e.g., 4% zein) and others
softer (e.g., 10% zein) (Figure 63 and 64) compared to Figure 57 when sodium caseinate was
added to the formulation. However, Gallagher et al. 2003 showed that dairy proteins are highly
functional ingredients and can be used in gluten-free production, because they can swell well and
form networks that play an important role in replacing the missing gluten. Gumminess (Figure
65) and chewiness (Figure 67) were higher for the gluten-free bread with 4% zein, than for the
other gluten-free breads.
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Figure 63. A graphical representation of the peak hardness of wheat bread,
gluten-free bread without zein, and gluten-free bread with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate when in contact with moisture. Data sets are the
average of four replicates.

Figure 64. A graphical representation of the hardness area (A1) of wheat
bread, gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water and whey protein but without sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.
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Figure 65. A graphical representation of the gumminess of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein made with water and whey protein but without sodium
caseinate when in contact with moisture (P < 0.05). Data sets are the average
of four replicates.

Figure 66. A graphical representation of the springiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate when in contact with moisture. Data sets are the
average of four replicates.
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Figure 67. A graphical representation of the chewiness of wheat bread,
gluten-free bread without zein, and gluten-free breads with different
percentages of zein (P < 0.05) made with water and whey protein but
without sodium caseinate when in contact with moisture. Data sets are the
average of four replicates.
2.3.4

Wheat bread

Figure 68. Wheat breads
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Wheat is one of the few cereals grains, along with barley and rye, which contains gluten, a
protein complex which forms a network during the mixing or kneading of the dough, making the
dough elastic and able to entrap gas as well as giving it the ability to rise during fermentation. This
ultimately improves the volume and texture of the bread. Gluten proteins comprise two main
subfractions: glutenins and gliadins. Glutenins confer gluten elasticity, while gliadins confer
viscosity (Phillips et al 2009). When wheat flour is hydrated and mixed, the two sub-fractions of
gluten interact via sulfhydryl-disulfide reactions and combine their properties to form a viscous,
elastic and cohesive network characteristic of wheat dough. This dough is extensible, resistant to
stretching, tolerant to mixing, and capable of holding carbon dioxide produced by yeast during
fermentation. Thus, gluten is the structural component in bread (Igoe, 2011). Sugar and salt are
used in the formulation of both wheat and gluten-free breads. The added sugar is usually sucrose,
a non-reducing sugar. It caramelizes during baking of the bread and gives a brown color and flavor
to the bread. During baking, the sugar dehydrates with introduction of double bonds or formation
of anhydro rings and intermediates such as 3-deoxyosones and furans. The same intermediates are
produced during Maillard browning. The reducing sugars, mainly glucose from the starches, react
with the proteins and undergo the Maillard browning reaction, which produces aldehydes and
ketones that provide flavor and also add to the desirable brown color to the bread. The small
amount of sugar used in bread making increases the fermentation of the yeast, which increases the
volume of the dough (Fennema 2008). Salt (NaCl) is used in bread formulation to add flavor. Also,
salt has an ionic nature and, therefore, helps to increase shelf life of the product. However, salt will
also inhibit the activity of the yeast and forms strong ionic bonds with flour proteins, making the
protein less mobile and the gluten less extensible. This will reduce the volume and lightness of the
bread by stabilizing the gluten. So, depending on the desired qualities of the final product, it is
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important to determine when to add the salt during dough mixing and also the amount of salt used
in bread formulations (Cauvain and Young 2006).
2.3.5

Gluten-free bread without zein

Figure 69. Gluten-free bread without zein (right) and
gluten-free with 10% zein (left)
With the rising diagnoses of celiac disease and gluten-intolerance, the demand for glutenfree products is increasing. Baking with gluten-free ingredients is challenging, because non-gluten
cereal flours cannot form a viscoelastic dough. Instead, they give a batter-like dough that should
be made from a good formulation in order to hold gas and rise during fermentation. A dough that
is too liquid will yield bread with crumbly texture and light color, which is an undesirable
characteristic. To make a gluten-free bread, a few gluten-free cereal proteins (maize zein and
sorghum kafirin) have been shown, when combined with starches and hydrocolloids, to at least
partially mimic the viscoelastic network that would otherwise be formed by gluten (Schober et al
2010, Goodall et al. 2012). Rice flour is often chosen to make gluten-free breads, because of its
bland taste, white color and content of easily digested carbohydrates (Marco and Rosell 2009).
The choice of the type of rice and the size of the rice flour is important in the gluten-free baking
process. Hera et al. (2013) showed that rice flour with a higher particle size (>80-µm) made dough
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with higher rise. Gas produced during fermentation was not retained when the particles size was
<80 µm, because the surface area of the particles within the dough was higher. They also showed
that long grain rice was harder than short grain and therefore disintegrated less during dough
mixing.
Bugusu et al. (2002) and Goodall et al. (2012) showed that maize zein added to a sorghumwheat composite flour and sorghum grains with high digestible, high lysine (HDHL) containing
kafirins, a prolamin, enhance the protein network of composite dough and bread. The endosperm
of cereals is mostly composed of starch which consists of amylose (α-1-4 glucan linear chains)
and amylopectin (linear chains with α-1-6 branches). The structure and proportion of these
polymers may be responsible for the nutritional and functional properties of starch. Dairy products
and eggs are also used in the gluten-free bread formulations for functionality and also to increase
the protein content of bread, given that celiac disease can cause malnutrition. Egg albumen can
link starch granules together and improve gas retention in gluten-free bread by forming strong
cohesive viscoelastic films. Eggs are also emulsifiers. Thus, the use of egg in the formulation of
gluten-free bread will help stabilize the dough by forming a viscous solution in the system (Moore
et al 2004). To add nutritional value to the bread, legumes can also be optional ingredients since
they are complementary in nutrients with cereals (Marco and Rosell 2009). Fats, sugar and salt
also play essential roles in the baking process. Fat brings tenderness to the dough. It also allows
for air incorporation and therefore makes the dough creamy (Cauvain and Young 2006). The use
of refined vegetable oils will result in the production of bread with satisfactory volume and texture
(Anton and Artfield 2009), while sugar will improve cake volume by increasing the gelatinization
temperature of starch. Sugar will also give brown color to the crust through caramelization or
Maillard browning. Yeast, namely Saccharomyces cerevisiae, is used in breadmaking to aerate the
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dough. It will ferment some of the carbohydrates in the flour, produce gas bubbles (carbon dioxide),
and make the dough rise giving a soft, sponge-like bread (Cauvain and Young 2006).
2.3.6

Gluten-free bread with zein

Gluten-free bread with zein can be made using the same ingredients as gluten-free without
zein; the only difference is the inclusion of zein. Zein is used in the formulation of gluten-free
bread to mimic the role of gluten by forming a viscoelastic network (Mejia et al 2012; Schober et
al 2010). However, these breads still require the use of hydrocolloids, such as xanthan gum, to
create better structure in the bread due to its ability to further capture carbon dioxide so that the
bread rises properly (Hamaker 2008). Key issues with gluten-free breads are that they 1) do not
have the chewy crumb characteristic found in wheat bread, and 2) do not tend to hold together
when cut and used in a sandwich containing moist constituents (e.g., tomato, lettuce). Gluten-free
breads tend to resemble a sponge in that, when it is made into a sandwich, it partially liquefies and
breaks apart when moisture is applied. It lacks cohesive crumb structure, good slicing ability, and
properties to make an intact sandwich. The purpose of this study was to understand whether the
addition of functionalized corn zein could make gluten-free bread of closer quality to wheat bread.
To functionalize zein for this purpose, it must be moistened and kept at a temperature
higher than its glass transition temperature (>~28oC), as this mobilizes the zein to participate in
dough formation. It then has the potential to hold gas, and make the dough more extensible and
more viscoelastic (Bugusu et al. 2001). The strategy here was to use xanthan gum to create a good
gluten-free bread formulation and relatively high-quality bread (Deora et al. 2012), and to have
zein provide the missing gluten-like bread characteristics. Xanthan gum has a rigid and ordered
chain conformation and, therefore, can form weak but highly viscous gel at low shear rates. This
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can explain why the addition of xanthan gum in gluten-free formulation gives a highly elastic
dough (Lazaridou et al. 2007).
2.3.7

Effect of sodium caseinate

Casein is the main milk protein prepared commercially from skim milk by precipitation of lactic,
sulfuric, or hydrochloric acid. Once the casein precipitate and is removed as well as the milk fat,
the sodium caseinate, which is the sodium salt of casein is collected in the form of a thin and clear
liquid that is dried. With the increasing demand for gluten-free products, sodium caseinate, as well
as many other dairy products, is being used in baking for its functional properties, water-binding,
emulsification, whitening, and whipping (Igoe 2011). Furthermore, sodium caseinate is used to
create a change in stabilization of the ß-sheet conversion, as it increases bread volume and
decreases bread hardness over time (Deora et al. 2012). In the present study, however, the TPA
results were not conclusive in improvement with casein addition (Figures 8 and 9 for the bread
firmness and figures 13 and 14 for moisture absorption), which may be founded in not having
adjusted formulations for water and other ingredient contents.
2.3.8 Sensory analysis
The sensory analysis objective was to determine whether participants could detect
differences in the textural characteristics (chewiness) of the three bread samples and whether
consumers liked/disliked each bread type. The three breads were: wheat bread, gluten-free bread
without zein, and gluten-free bread with 10% zein. The test was conducted in the Sensory
Laboratory of the Department of Food Science. The products were prepared in the Cereal
Processing Laboratory on the day of the test. The crust was taken off each loaf and loaves were
cut into 8 cubes. Untrained panelists were given 1 cube of each sample (Figure 70), with sample
order randomized, and they were asked to rank the samples for chewiness. Panelists were also
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asked to rate chewiness on a 9-point hedonic scale, as well as texture on a 5-point JAR (Just About
Right) scale. The panelists were given water to cleanse their palate between samples. When
complete, panelists were compensated $5 each. Analysis was conducted under red light (Figure
71).

Figure 70. Bread samples used for sensory analysis test

Figure 71. Red-lighting used
during the sensory analysis
tests
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The summary of the results is as follows. For chewiness ranking, wheat bread was ranked
chewier than gluten-free without zein, which was ranked chewier than gluten-free with 10% zein.
There was a significant difference (P<0.05) between the samples for degree of liking for chewiness
(gluten-free was rated higher than wheat). There was low acceptability (degree of liking ~
DOL<6.5) for the chewiness characteristic for all samples.

Figure 72. Sensory analysis results of breads texture (Wheat bread, Gluten-free bread without zein and Gluten-free bread with 10%
zein)
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Figure 73. Sensory analysis results of breads chewiness (Wheat bread, Gluten-free bread without zein and Gluten-free bread with
10% zein)
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2.4

Conclusions

Participants ranked, with low acceptability (DOL<6.5), wheat bread as chewier than
gluten-free without zein, which was in turn ranked chewier than gluten-free with 10% zein.
Although participants thought wheat bread was chewier, they liked the gluten-free breads better
than they like the wheat bread; and the level of likeness was significantly different. Thus, glutenfree bread with 10% zein was not found chewier, as was expected. The chewiness sensory attribute
may have been somewhat confusing for the participants, and a future study should have a brief
training or orientation for this trait.
Also, because the results of the texture analyzer showed that gluten-free bread with 6%
zein had better textural characteristics than with 10% zein incorporation, an optimized formulation
should be used for sensory analysis.
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CHAPTER 3.

OVERALL CONCLUSIONS AND
RECOMMENDATIONS

Bread is one of the most important food products and is a staple food in many parts of the
world. The diagnosis of celiac disease and gluten intolerance is better now than before, and the
demand for gluten-free breads is higher. Celiac patients must adhere to a diet free of wheat
products, and quality gluten-free products helps with compliance. Gluten-free products are diverse
and the food industry has interest in processing of high quality gluten-free products.
In this thesis work, the prepared gluten-free breads were of good quality compared to the
wheat bread. In the first study, the gluten-free bread with zein had a slightly higher volume than
the gluten-free without zein and it had a shape that resembled more the shape of wheat bread. This
was promising, since the objective was to make bread that resembles wheat bread in all aspects.
Even though the volume of the wheat bread was still a little higher than the volume of gluten-free
breads, the results obtained were encouraging. Since consumers shop with their eyes, the shape,
color and volume of the bread are important. The textural parameters of gluten-free breads were
similar to those of wheat bread. The formulation was first made with an amount of starch that was
twice the amount of rice flour and the TPA was used in a single compression mode. When in
contact with the moist cotton rounds, the crumb of the wheat bread and the gluten-free breads with
10% zein held together better than the gluten-free breads without zein. It is likely that these breads
can be better used to make sandwiches containing moist constituents (e.g. tomato). Thus, here, the
network formed with the functionalized zein was closer to the gluten network. However, the single
compression used cannot be used to measure gumminess, springiness, and chewiness, and, in
moving to the next stage of experiments, it was decided to change the recipe to use skim milk
instead of whole milk, to reduce the amount of fat in the bread, and to use an equal amount of
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brown rice flour and starch (tapioca and corn) instead of an amount of starch (tapioca and corn)
twice the amount of brown rice flour. This was done after observing that the former rises more and
has a top shape that is more like a dome of wheat bread. Textural characteristics were measured
using the TPA at a press twice mode on the bread after cooling and when in contact with moisture.
Four different bread formulations were made:
•

Regular recipe with sodium caseinate

•

Regular recipe without sodium caseinate

•

Breads made with water, whey protein and sodium caseinate

•

Breads made with water, whey protein without sodium caseinate.

When the regular recipe with sodium caseinate was used, the peak hardness of the wheat
bread was higher and very close to the peak hardness of the gluten-free bread with zein
(particularly 4% and 6% zein). The gluten-free bread without zein had a lower peak hardness.
Apparently, the gluten and starch in the wheat bread formed a network stronger than the networks
formed by proteins and starches in gluten-free bread. The same trend was observed for gumminess
and the chewiness. For the regular recipe without sodium caseinate, its removal made the dough
and the bread hard, likely because sodium caseinate is typically used to improve dough viscosity
and because sodium caseinate has a high water holding capacity. Even used in a small quantity,
dairy products can aid in the formation of a strong dough network that will hold gas better, increase
the bread volume, and make the bread softer. While this explains why the removal of the sodium
caseinate made the dough and the bread harder, this is not observed uniformly in the gluten-free
breads. The gluten-free bread without zein that was less chewy than the ones with zein was chewier.
This implies that the effect of zein was reinforced by the sodium caseinate. When the breads were
made with water instead of skim milk and whey protein instead of eggs and sodium caseinate, the
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breads were harder. This likely was because the milk and eggs increased the protein-starch network
and gave a soft dough and softer breads. This may help explain why the removal of the milk and
eggs made the bread harder, with a crumb that was dense and crust hard immediately after cooling.
This bread also staled within hours. There may be an interaction between zein and whey protein
that hardens the bread (Figure 31). The formulation of the recipe with whey protein and water
along with the removal of skim milk and eggs hardened the bread (crust and crumb) and the higher
the amount of zein in the recipe was associated with a hard bread. The same trend was observed
for the gumminess and the chewiness. That is, gluten-free bread with 10% zein was quite hard and
it staled quickly. To reduce the bread hardness, this substitution could be done at a lower level.
The breads made with water, whey protein and without sodium caseinate were also hard with a
dense crumb and a hard crust. A lower level of substitution could be considered to achieve a better
quality of gluten-free bread. Gluten-free breads were of better quality at lower zein concentrations
of 4 or 6%, and these zein concentrations could be further studied.
Overall, the textural parameters (hardness, gumminess, springiness and chewiness) of the
breads were lower after exposure of the bread crumb to the moist cotton rounds for each
formulation, than before exposure to moisture. Among the gluten-free breads, the one with 10 %
zein held up better to moisture. The results confirm the hypothesis that when zein is kept above its
glass transition temperature, it confers a protein structure to the bread crumb that is more resistant
to breakdown when exposed to moisture.
For the sensory analysis, participants should be trained well to know what the attributes
they are being asked to analyze. Also, the sensory analysis should be done using different
percentages of zein to see how the participants would rank the chewiness of those samples.

89

APPENDIX A. BAKED LOAF VOLUME TEST

Volume was measured by the rapeseed displacement method (AACC Approved Method
10-05.01). The baked loaves were left 10 minutes in the pans then removed from the pans then
allowed to cool for 1 h before measuring their volume.

Comparing Bread volumes using rapeseeds
Measures done using the Wheat bread

Gluten-free without Gluten-free with

rapeseeds \ Breads

zein

zein

Bread 1

420

400

430

Bread 2

500

440

420

Bread 3

500

420

420

Bread 4

500

430

440

Mean

480

422.5

427.5
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Calculations
422.5
480

*100 = 88.02

100 - 88.02 = 11.98%
The volume of the wheat bread is 11.98% greater than the volume of the gluten-free bread
without zein
427.5
480

*100 = 89.06

100 - 89.06 = 10.94%
The volume of the wheat bread is 10.94% greater than the volume of the gluten-free bread
with zein
422.5

*100 = 98.83

427.5

100 - 98.83 = 1.17%
The volume of the gluten-free bread with zein is 1.17% greater than the volume of the
gluten-free bread without zein
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APPENDIX B. SENSORY EVALUATION REPORT

Sensory Panel 081517Bread
From: Angie Albright/Purdue University-Department of Food Science
Product Tested: Bread
Sample
Gluten-free bread with 10% Zein
Gluten-Free without zein
Wheat bread

1
2
3

1742
6291
3763

Codes
5472
8815
9917

Test Objective:

Determine differences in texture (chewiness) of three bread samples and
whether consumers like/dislike each bread type.

Test Date:

August 15, 2017

Test Method:

Chewiness ranking, DOL, JAR

Chewiness Ranking (1=chewiest, 3=least chewy). (N=95)

Count
Rank 1
Rank 2
Rank 3
Rank Sum
Post Hoc

Wheat
bread
95
68
12
15
137
A

Gluten-Free
bread
without zein
95
19
46
30
201
B

P-Value:
.000
Confidence:
100%
Stat
Method:
Friedman's Two-way
Significant:
TRUE

Gluten-free
bread with
10% Zein
95
8
37
50
232
C
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DOL Results using a 9-pt hedonic scale where 9= Like Extremely and 1=Dislike Extremely. (N=95)
Attribute
p-value
Gluten-free
Gluten-Free
Wheat bread
bread with 10% bread without
Zein
zein
Chewiness
0.037
5.7ab
6.0a
5.4b
5-point Scale
Attribute

Texture

p-value

0.000

Gluten-free
bread with 10%
Zein
3.2b

Gluten -Free
bread without
zein
3.1b

Wheat bread

3.9a

Texture: For Gluten-free bread with 10% Zein: 43% consumers thought it was JAR and 34% thought it
was too chewy; for Gluten Free bread without zein: 46% consumers thought it was JAR and 31% thought
it was too chewy; for Wheat bread: 66% consumers thought it was too chewy and 27% consumers thought
it was JAR. The differences are statistically different.

TEXTURE
p-Value:
0
Confidence:
100%
Stat Method: GLM - Tukey
Crit: 3.341
Count
Much too chewy
Somewhat too chewy
Just About Right
Somewhat
not
chewy
enough
Definitely
not
chewy
enough
Mean Score
Stat Test

Glutenfree with
10% Zein
95
9%
25%
43%

Glutenfree
without Wheat
zein
bread
95
95
4%
34%
27%
32%
46%
27%

18%

17%

7%

4%
3.2
B

5%
3.1
B

0%
3.9
A
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CHEWINESS
p-Value:
0.037
GlutenGlutenConfidence:
96.3% free bread free bread
Stat Method: GLM - with 10%
without
Tukey Crit: 3.341
Zein
zein
Count
95
95
Like Extremely
0%
0%
Like Very Much
16%
18%
Like Moderately
25%
25%
Like Slightly
21%
25%
Neither Like nor Dislike
12%
12%
Dislike Slightly
13%
12%
Dislike Moderately
9%
6%
Dislike Very Much
3%
1%
Dislike Extremely
1%
1%
Mean Score
5.7
6
Stat Test
AB
A

Wheat
bread
95
4%
15%
21%
15%
6%
18%
7%
11%
3%
5.4
B
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